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   Experiments were performed on dogs anesthetized with sodium pento-
barbital. Adrenal venous blood samples were collected through the lumbar 
route and were analyzed for adrenaline by the arseno-molybdic acid method. 
The splanchnic nerves were cut below the diaphragm and the peripheral 
parts were stimulated electrically. Metabolic acidosis was induced by 
infusion of hydrochloric acid solution into the femoral vein. Splanchnic 
nerve stimulation caused a definite increase in adrenaline secretion of the 
adrenal gland before acid infusion. When the blood pH was decreased by 
acid infusion from 7.34-7.48 to 6.97-7.15, almost the same adrenaline 
secretory response to the splanchnic nerve stimulation was observed as 
before acid infusion. When the blood pH decreased considerably and reached 
a level below 6.72, the adrenaline secretion rate was elevated before stimu-
lation and in most cases it was further increased by splanchnic nerve stimu-
lation.
   Attention has recently been drawn to the storage and release of cate-
cholamines. ELIASSON, EULER and STJARNE21 and HILLARP et al. 3) 
have concluded that there is a close relationship between acids and the 
liberation of catecholamines from sympathetic nerve endings. 
   In our laboratory, MOROKI" demonstrated that anoxic anoxia, 
produced by breathing hypoxic air, increased the effect of splanchnic 
nerve stimulation on the adrenaline secretion rate of the adrenal gland. 
The purpose of the present study is to determine the influence of experi-
mental metabolic acidosis upon the adrenaline secretory response of the 
adrenal medulla to splanchnic nerve stimulation.
METHODS
   Mongrel dogs, 6.3 - 22.7 kg in weight, were used in the present 
study. The animals were anesthetized with sodium pentobarbital (Nem-
butal). 
   The adrenal vein was exposed through the lumber route and a small
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cannula for adrenal venous blood collection was inserted into the vein') . 
The splanchnic nerves were exposed in the same side and cut just below 
the diaphragm. The peripheral parts of the sectioned nerves were stimu-
lated by an electronic stimulator (Nikkoh MSE-2 stimulator with MSE-2-JA 
isolator). Square wave current with a frequency of 50 c/s, a pulse 
duration of 2 msec. , and an intensity of 17 V was delivered continuously 
for 30 se: onds from the stimulator. 
   Adrenal venous blood was collected before splanchnic nerve stimu-
lation for 30 or 60 seconds. Blood was also collected during the first and 
second 60-second periods after initiation of splanchnic nerve stimulation. 
The adrenaline content of the sampled adrenal venous blood was esti-
mated colorimetrically using the arseno-molybdic acid method of BLOOR and 
BULLEN1'. 
   In most of the experiments blood pressure was recorded by a mercury 
manometer connected with the carotid artery. Arterial blood samples 
were taken from the femoral artery and the blood pH was determined by 
the aid of Beckman pH meter (model G) at 3TC. 
   In control experiments, splanchnic nerves were stimulated three or 
four times in each animal at intervals of 15 minutes. 
   The major experiments were performed on two groups of dogs. 
In one group of five dogs, 0.3 N hydrochloric acid was infused into the 
femoral vein in a volume of 15 cc/kg of body weight during a period of 
15 minutes. The splanchnic nerves were stimulated before acid infusion, 
at the end of the infusion period, and one hour after the end of infusion. 
In the other group of nine dogs, 0.5 N hydrochloric acid was infused 
into the femoral vein in a volume of 20 cc/kg at a constant rate of 0.15 -
0.64 cc/kg/min. The splanchnic nerves were stimulated before acid 
infusion and then twice, as a rule, when acid was infused in volumes 
of 10-15 and 15-20 cc/kg, i.e. an amount sufficient to induce a sharp 
fall in arterial blood pH.
RESULTS AND DISCUSSION
    Control experiments 
   Experiments were performed on six dogs without infusing hydro-
chloric acid. The splanchnic nerves were stimulated three or four times at 
15-minute intervals. 
   The results were almost the same as those reported by MoROxi41. 
The pre-stimulation rate of adrenaline secretion was estimated to be less 
than 0.08 ag/kg of body wt. /min. in all cases except one. Splanchnic 
nerve stimulation produced a definite increase in adrenaline secretion 
rate, the maximum being observed during the first 60-second period 
after the start of stimulation. In most of the experiments, increases in 
adrenaline secretion rate in the same animal showed little variation.
   Acidosis experiments 
   Infusion of 0.3 N hydrochloric acid. Experiments were performed on 
five dogs. The results are given in Table 1. The arterial blood pH 
before acid infusion was 7.34-7.48. It decreased during acid infusion 
and reached 6.97-7.15 at the end of the infusion period.
                Table 1. 
Effect of 0.3 N Hydrochloric Acid Infusion upon the 
Adrenaline-Secretory Response of the Adrenal Gland 
      to the Splanchnic Nerve Stimulation
                            Period of Blood pH Adrenaline secretion rate 
Expt. No. Body wt. sti
mulation (14g/kg of body wt./min.) 
             and                                                     B
efore After stimulation               S
ex 
                                                      stimu-
                                                           lation 0" - 60" 60" -120" 
   7 10.0 kg Before infusion 7.36 0.03 0.38 0.03 
a 
                        During infusion 7.15 0.02 0.39 0.01 
                         One hr. after 7.46 0.02 0.65 0.02
                            infusion 
   8 14.7 kg Before infusion 7.34 * 0.34 * 
6 
                        During infusion 6.98 0.10 0.49 0.03 
                         One hr. after 7.20 * 0.41 * 
                            infusion 
   9 7.8 kg Before infusion 7.48 0.02 0.32 0.11 
6 
                        During infusion 7.10 0.01 0.32 
                          One hr. after 7,38 * 0.56 0.01 
                            infusion 
  10 6.3 kg Before infusion 7.39 * 0.23 0.04 
                        During infusion 6.97 * 0.33 * 
                          One hr. after 7.11 0.02 0.34 0.07 
                             infusion 
  11 10.3 kg Before infusion 7.42 0.03 0.34 0.12 
                         During infusion 7.10 0.02 0.50 0.06
                          One hr.. after 7.25 0.05 0.34 0.04
                             infusion
* Immeasurably small amount of adrenaline (less than 0 .05 µg/ml) in adrenal venous blood.
   During the pre-infusion period, the adrenaline secretion rate before 
stimulation was less than 0.1 ug/kg/min. and a marked increase in the 
secretion rate was produced by splanchnic nerve stimulation. The maxi-
mal increase was always observed in the first 60-second period after 
initiation of stimulation. 
   During and after infusion of hydrochloric acid, - a marked increase 
in adrenaline secretion rate was induced by splanchnic nerve stimulation, 
the pre-stimulation rate being no greater than 0.1 ug/kg/min . 
   In Exp. 7, the maximum adrenaline secretion rate. after the first 
splanchnic nerve stimulation was 0.38 ,ug/kg/min. and after the second 
and third stimulations was 0.39 and 0.65 ,ug/kg/min., respectively. 
   In Exp. 8, the adrenaline secretion rate was increased to 0.34, 0.49, 
and 0.41 ,ug/kg/min. by the first, second, and third splanchnic nerve 
stimulations, respectively. 
   In Exp. 9, the maximum rate of adrenaline secretion after the first, 
second, and third splanchnic nerve stimulations was 0.32, 0.32, and 0.56 
,ug/kg/min. , respectively. 
   In Exp. 10, the maximum adrenaline secretion rate after the first, 
second, and third splanchnic nerve stimulations was 0.23, 0.33, and 0.34 
,ug/kg/min. , respectively. 
   In Exp. 11, the adrenaline secretion rate was increased to 0.34, 0.50, 
and 0.34 ,ug/kg/min. by the first, second, and third stimulations, re-
spectively. 
   Thus, no cases were found in which increase due to splanchnic 
nerve stimulation during or after acid infusion was less than before 
infusion. There were also no cases in which an increased adrenaline 
secretion rate caused by splanchnic nerve stimulation during or after 
acid infusion was more than twice as great as before infusion. 
   Infusion of 0.5 N hydrochloric acid. Acid was infused at a slow speed 
of 0.15-0.64 cc/kg/min. to avoid hypotension. The first splanchnic 
nerve stimulation was given before acid infusion and the second and 
third stimulations were applied when hydrochloric acid had been infused 
in volumes of 10-15 and 15-20 cc/kg, respectively. The experimental 
results are given in Table 2. 
   By acid infusion, arterial blood pH was decreased gradually. Before 
infusion it was 7.37-7.51, except in one case (Exp. 16) in which it was 
7.13. At the time of the second splanchnic nerve stimulation the blood 
pH in six out of nine cases was 6.64-6.80 and in three others (Exps. 
127 15, and 17) was 7.11-7.18. At the time of the third splanchnic 
nerve stimulation the level of blood pH was lower than, at the, time of 
the second stimulation. It was 6.49-6.73 in four cases out of six and 
6.93 and 7.06 in two others (Exps. 15 and 17) 
   Before infusion of acid, the pre-stimulation :rate of adrenaline se-
cretion did not exceed 0.02 ug/kg/min. By splanchnic nerve stimulation,
                  Table 2. 
Effect of 0.5 N Hydrochloric Acid Infusion upon the 
Adrenaline-Secretory Response of the Adrenal Gland to the 
          Splanchnic Nerve Stimulation
                                                       Adrenaline secretion rate 
Expt. No. Body wt. Period of Blood pH (pg/kg of body wt. /min.) 
              and stimulation 
             Sex Before After stimulation 
                                                     stimu-
                                                         lation 0"-60" 60"-120" 
 12 10.9 kg Before infusion 7.43 * 0.22 
              8 During infusion 7 .18 0.02 1.2 * 
 13 12.3 kg Before infusion 7.44 * 0.12 
              6 During infusion 6 .80 0.01 0.18 0.05 
                        During infusion 6.73 0.20 0.59 0.33
 14 13.1 kg Before infusion 7.51 * 0.13 0.05 
              8 During infusion 6 .73 0.01 0.33 0.06 
                        During infusion 6.49 0.44 1.0 
 15 17.0 kg Before infusion 7.37 * 0,27 0.05 
              ? During infusion 7 .11 * 0.45 * 
                        During infusion 6.93 0.02 0.34 0.01 
 16 11.4 kg Before infusion 7.13 0.02 0.37 
              ? During infusion 6 .64 0.82 0.38 0.03 
 17 12.3 kg Before infusion 7.41 * 0.14 0.02 
              8 During infusion 7 .18 * 0.15 0.02 
                        During infusion 7.06 0.01 0.26 0.01
 18 13.4 kg Before infusion 7.48 * 0 11 0.08 
              a During infusion 6 .70 0.38 1.2 0.71 
 19 10.0 kg Before infusion 7.47 * 0.17 0.07 
               8 During infusion 6 .68 0.54 1.3 1.2 
                         During infusion 6.50 0.44 0.57 0.33 
 20 22.7 kg Before infusion 7.43 * 0.20 0.03 
              6 During infusion 6 .77 0.06 0.80 0.91 
                        During infusion 6.51 0.25 0.16 0.24
* Immeasurably small amount of adrenaline , (less than 0.05 µg/ml) in adrenal venous blood.
the secretion rate was markedly increased, the maximum increase 
occurring in the first 60-second period after initiation of stimulation. 
   In Exps. 12, 15, and 17, in which the blood pH level at the time of 
the second and third splanchnic nerve stimulations was not lower than 
6.90, the adrenaline secretion rate before stimulation did not exceed
0.02 ug/kg/min. By stimulation the secretion rate was increased, the 
maximal increase occurring in the first 60-second period after initiation 
of stimulation. 
    In Exp. 12, the maximum secretion rate after the second splanchnic 
nerve stimulation was 1.2 ug/kg/min., while after the first stimulation 
it was estimated as 0.22 ug. Thus, in this experiment the effect of 
splanchnic nerve stimulation upon adrenaline secretion of the adrenal 
gland was definitely enhanced by acidosis. The experimental results of 
Exps. 15 and 17 were different from those of Exp. 12. In Exp. 15 the 
maximum secretion rate after the first, second, and third splanchnic 
nerve stimulations was 0.27, 0.45, and 0.34 ug/kg/min., respectively. 
In Exp. 17 the adrenaline secretion rate was increased by the first, second, 
and third splanchnic nerve stimulations to 0. 14, 0.15, and 0.26 ug/kg/ 
min. , respectively. 
   In Exps. 13, 14, 16, 18, 19, and 20, the blood pH decreased below 
the level of 6.90 during acid infusion. In three cases (Exps. 13, 14, 
and 20) out of six, the blood pH level at the time of the second splanch-
nic nerve stimulation was not lower than 6.72, the secretion rate of 
adrenaline did not exceed 0.Lug/kg/min. before stimulation. It increased 
after stimulation. In Exp. 13, the adrenaline secretory response to the 
second splanchnic nerve stimulation was similar to that after the first 
stimulation. In Exps. 14 and 20, however, the response to the second 
stimulation was definitely greater than response to the first. In three 
other cases (Exps. 16, 18, and 19), the blood pH decreased below the 
level of 6.72 at the time of the second splanchnic nerve stimulation. In 
Exps. 14, 19, and 20, the blood pH level at the time of the third 
splanchnic nerve stimulation was estimated to be below 6.72. In these 
cases the secretion rate of adrenaline was larger than 0.2 ug/kg/min. 
before stimulation. In most cases (except Exp. 16) it was increased 
by splanchnic nerve stimulation. However, it is difficult in such cases 
to compare exactly the adrenaline secretory response to the splanchnic 
nerve stimulation during acid infusion with the response before acid 
infusion.
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